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ABSTRACT

Final Report: Fermionic Optical Lattices: A Computational Study

Report Title

We study optical lattice systems, in which rapid experimental progress


and tremendous potential for quantum emulations provide many


opportunities for investigating open questions in condensed matter


physics, and possibly quantum computing.  We study the many-body


effects in two- and three-dimensional Hubbard-like models, focusing on


long-wavelength collective modes, such as spin-density waves, and


other matter-wave properties resulting from particle interaction and


quantum coherence.  The second focus is on molecular physics, where we


aim to achieve an accurate, robust many-body paradigm for predicting


properties and mechanisms of small molecules.  Success of the research


can contribute a powerful and yet heretofore largely missing third


(computational) component for these areas, and help accelerate the


realization of novel applications and new technological capabilities


of interest to the Army and beyond.
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Scientific Progress

All previous activities and accomplishments have been reported in the interim reports. This grant was on a small modification 
last year to help support a postdoctoral scientist to finish two projects already underway.  The projects have been reported last 
year. We summarize these below.





Magnetic order in the repulsive Fermi-Hubbard model in


three-dimensions and the crossover to two-dimensions.  Systems of


fermions described by the three-dimensional (3D) repulsive Hubbard


model on a cubic lattice have recently attracted considerable


attention due to their possible experimental realization via cold


atoms in an optical lattice. Because analytical and numerical results


are limited away from half-filling, we study the ground state of the


doped system from weak to intermediate interaction strengths within


the generalized Hartree-Fock approximation. The exact solution to the


self-consistent-field equations in the thermodynamic limit is obtained


and the ground state is shown to exhibit antiferromagnetic order and


incommensurate spin-density waves (SDW). At low interaction strengths,


the SDW has unidirectional character with a leading wave-vector along


the $<100>$-direction, and the system is metallic. As the interaction


increases, the system undergoes a simultaneous structural and


metal-to-insulator transition to a unidirectional SDW state along the


$<111>$-direction, with a different wavelength. We systematically


determine the real- and momentum-space properties of these states. The


crossover from 3D to two-dimensions (2D) is then studied by varying


the inter-plane hopping amplitude, which can be experimentally


realized by tuning the distance between a stack of square-lattice


layers. Detailed comparisons are made between the exact numerical


results and predictions from the pairing model, a variational {\em


ansatz} based on the pairing of spins in the vicinity of the Fermi


surface. Most of the numerical results can be understood


quantitatively from the ansatz, which provides a simple picture for


the nature of the SDW states.





Phases of attractive spin-imbalanced fermions in square optical


lattices.  We determine the relative stability of different


ground-state phases of spin-imbalanced popula- tions of attractive


fermions in square lattices. The phases are systematically


characterized by the symmetry of the order parameter and the real- and


momentum-space structures using Hartree- Fock-Bogoliubov theory. We


find several type of unidirectional Larkin-Ovchinikov-type phases. We


discuss the effect of commensuration between the ordering wave vector


and the density imbalance, and describe the mechanism of Fermi surface


reconstruction and pairing for various orders. A robust supersolid


phase is shown to exist when the ordering wave vector is diagonally


directed.

Technology Transfer




